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DOUGLAS G ALTMAN
Publication of a paper implies that the work is both sound and worth while. As I pointed out in my first article, it bestows both respectability and credibility on the work-a "seal of approval." Once a paper has been published the results may influence both medical practice and further research by other scientists, and if the subject is of general interest the "mass media" may report the findings. The ultimate responsibility for the general standard of published research rests with the medical journals. Perhaps unwillingly, the journals have the role of guardians of quality. This is particularly important with regard to statistical methods, which the majority of readers of medical papers are not able to judge for themselves and so must take on trust. The system of appraisal by independent referees is not ideal, but it is probably the most practical method of quality control. Referees are usually selected, however, for their expertise in the relevant medical topic; their ability to assess the statistical aspects is left somewhat to chance. The result is that the statistical methods used in many research papers do not receive adequate scrutiny, with the consequences described in the previous articles.
The poor quality of statistics in published papers has been a cause of concern for many years, and is not confined to medical research. In 1964 Yates and Healy' wrote: "It is depressing to find how much good biological work is in danger of being wasted through incompetent and misleading analysis of numerical results." Concern should be particularly great in the medical field because of the ethical implications, but the medical journals have generally been slow to appreciate that the statistical aspects can be fundamental to the validity of research.
Statistics in medical papers
Probably as a reflection of widespread unease, there have been several reviews of the quality of statistics in published papers over the past 15 years.2-6 These views are not strictly comparable because they looked at different statistical aspects in different journals at different times. Nevertheless, they all found many statistical errors or important errors of omission-in 72%, 49%, 52%, 45%, and 44% of papers studied, respectively. Further, a review of papers in five general medical journals found that 20% of the statistical procedures used were unidentified.7
It is impossible to assess the seriousness of many of the errors found. For example, an invalid analysis may give the same answer as an appropriate one, omission of information about randomisation does not necessarily mean that subjects were not allocated to treatments at random, and so on. It is, though, a measure of the disturbingly high prevalence of bad statistics that the reviewers of 62 papers in the BM74 thought that it was "some comfort that only five papers drew a false conclusion."
Reviews of statistical procedures have sometimes been accompanied by editorials8 9 reinforcing the suggestions made in most of the papers that the standards of teaching should be improved and that there should be greater participation by statisticians in medical research. Such articles, however, stop short of the obvious suggestion that many of the papers should not have been published, at least as they stood, since any errors detected after publication could equally well have been detected at the refereeing stage.
Not all journals are equally culpable. The number of journals that use statisticians as referees, and sometimes also as members of editorial boards, has gradually increased, and several journals have publicly recognised the need to improve their statistical reviewing.'0-12 As Rennie'0 says: "Our goal is the publication of data that are correctly observed and properly analysed." Such sentiments should be endorsed by all medical journals. There should be statistical guidelines for contributors All journals have instructions for contributors; very few mention statistics, and these rarely say much. It would obviously be undesirable for each journal to have different guidelines, but some agreement on this could be achieved in the same way as it has been on formats for references, perhaps in collaboration with the statistical societies. Some suggestions are given below.
All research papers should include a separate section on statistical methods
This should include information on relevant aspects of design, data collection, and analysis. Particularly important (if relevant) are the treatment allocation policy, response rate (and how non-responders were dealt with), and clear descriptions of analyses. Unusual methods of analysis should be given a specific reference (not a whole textbook!) with the reason for their use. This is a very important section of a paper, and should not be shortened at the expense of essential information.
Journals should give priority to well-executed and well-documented studies Editorial boards should carefully consider the quality of study design, performance, analysis, and presentation of results when evaluating manuscripts. Standards should not be relaxed just because a paper is topical or interesting. Also, journals should not reject statistically valid papers purely because the findings were negative. (Obviously, this does not extend to those studies, discussed in the third article, that are too small to detect important differences.) As Bradford Hill said 25 years ago: "A negative result may be dull but often it is no less important than the positive; and in view of that importance it must, surely, be established by adequate publication of the evidence." 25 Less important but still desirable additional features are:
Authors should be encouraged to supply additional information (especially on methodology) to help the referees but not for publication One of the problems when assessing papers is lack of information necessary for proper statistical assessment; this is the main reason for the fifth recommendation above. The extra information could be a more detailed account of the design, a fuller description of the methods used and the results, and copies of other related papers.
Authors should be encouraged to include the raw data in their papers Obviously this is only practicable for small studies, but could be eased by using "miniprint" tables.
Journals should employ editorial staff with some understanding of statistics This is perhaps less important if a comprehensive statistical refereeing system is adopted but is still highly desirable, especially in the event of disagreement between authors and referees.
For all journals to implement a comprehensive statistical refereeing system might well require many more medical statisticians than are currently available. It is much more likely, however, that there will be a continued steady increase in the use of statistical referees by journals, which should not cause major problems. Even the appointment by a journal of a single statistician can be enormously successful in raising the quality of statistics in published papers.
GUIDELINES FOR STATISTICAL REFEREES
Apart from checking on the validity of the statistical methods used, referees should ensure that there is adequate explanation and justification of what was done. It is also particularly important that the conclusions are reasonable, and that the summary is a fair reflection of the content.
The referee's report should be able to be understood by the authors, who may have only minimal statistical training.
GUIDELINES FOR CONTRIBUTORS
What sort of statistical guidelines should journals provide? Clearly these should not include advice on how to carry out research, although they might include discussion of the merits of different types of design. Such guidelines would not be a set of rules, but rather advice. The main emphasis should be on how best to describe clearly what procedures were used and what inferences were drawn.
Comprehensive guidelines would be of great benefit; these could perhaps be produced by a working party including representatives of medical journals and statistical societies. The following general suggestions relate to some of the more important aspects; they cannot be taken as comprehensive.
Design-This should be described clearly with, if relevant, information on treatment allocation, sample selection, if and how randomisation was used, whether or not the study was "blind" in any way, how sample size was determined (power), etc.
Data collection-Surveys should have response rates specified, and the representativeness of the sample and the possible effects of non-response should be discussed.
Analysis-The use of unusual forms of analysis should be justified, preferably with a reference, but all analyses should be very clearly described. It may be necessary to demonstrate the validity of the assumptions for some analyses (t tests, regression, etc).
Presentation of results-The results presented should be those most relevant to the question asked. Thus analysis of paired data should be accompanied by information-for instance, mean and standard deviation-about the within-person differences. Significance levels should not be given in place of quantitative results.
Interpretation of results-Special care should be taken to distinguish between statistical significance and clinical significance. Confidence intervals may greatly aid interpretation, especially where results are not statistically significant.
CONCLUSIONS
Reviews of published papers2 6 have all found unacceptably high proportions of papers with statistical errors. Some journals may feel that their policy of publishing letters criticising individual papers is an adequate safeguard. To take this attitude is to fail to appreciate the responsibility of the journals, both for ethical and scientific reasons, to avoid publishing sub-standard papers. In any case letters to journals usually produce a reply from the authors repeating their incorrect claims. Further, most papers are never read by anyone with the statistical knowledge to detect the flaws. If the credibility of published research is to be raised it is essential that more journals introduce comprehensive statistical review procedures.
Summary
In these articles I have concentrated very much on one aspect of research. This is not meant to imply that statistics is of overriding importance, but rather that it is an area where much improvement is both highly desirable and possible.
By emphasising the ethical implications of carrying out research and publishing papers with incorrect statistics, I have argued that this is not just a matter for the individual researcher. There needs to be a wider appreciation of the importance of correct statistical thinking, and a great improvement in the standard of published research so that the sorts of errors discussed become very much the exception rather than commonplace. In the long term improved teaching and the greater involvement of statisticians will help; in the short term it is essential to have higher standards for published papers.
